Introduction
============

According to Lekholm and Zarb,[@b1-ccide-7-025] the bone density of the posterior maxilla is classified as type 4 bone, which means that a thin layer of cortical bone surrounds low-density trabecular bone. Implants placed in soft bone or D4 bone require a longer healing period for better bone remodeling and maturation. A poor bone density does not provide support for the implant during the healing and loading stages.[@b2-ccide-7-025]--[@b4-ccide-7-025] Higher implant failure rates have consistently been found in areas of poor bone quality, such as the posterior segment of the maxilla.[@b5-ccide-7-025],[@b6-ccide-7-025]

There are several special considerations that should be taken into account when implants are placed in the posterior maxillary area, including drilling an undersized preparation to obtain primary stability, using a modified (roughened) implant surface, using a wide diameter and aggressively designed implant, and using a submerged technique to avoid implant loading stress. All of these measures result in an increased implant surface area that enhances bone implant contact and implant stability.[@b3-ccide-7-025],[@b7-ccide-7-025],[@b8-ccide-7-025] The progressive implant loading technique was developed by Misch[@b9-ccide-7-025] for implants placed in areas with poor bone density. This technique allows bone to mature during the loading period without overloading the implant and resulting in bone loss or implant failure.[@b10-ccide-7-025] Ban et al[@b11-ccide-7-025] conducted a study comparing the differences between progressive, immediate, and delayed loading of implants. The result was a significant increase in bone implant contact and a decrease in vertical bone loss in the progressive loading group. Maxillary sinus floor perforation during implant placement resulting from overestimation of the bone height has many consequences depending on the severity of injury. Primarily, sinus involvement during implant placement may prevent osseointegration of the apical part of the fixture.[@b12-ccide-7-025] Additionally, soft tissue from the floor of the sinus may grow on the apex of the implant instead of bone, affecting the final prognosis.[@b12-ccide-7-025] Sinus infection and sinusitis may also occur if bacteria proliferate on the apex of the implant surface, affecting the process of bone remodeling.[@b13-ccide-7-025]--[@b15-ccide-7-025] It is also possible for no adverse consequences to occur and for new bone to form around and above the apex of the implant.[@b12-ccide-7-025] Our case report consists of two sections: the first describes maxillary sinus perforations and their effect on implant prognosis and survival, and the second discusses the novel technique of immediate progressive implant loading.

Case report
===========

The patient was a 52-year-old woman with no history of systemic disease or parafunctional occlusion. The patient presented to our facility with a main request to replace her missing maxillary left second premolar and first molar with implants. An orthopantomogram was taken ([Figure 1](#f1-ccide-7-025){ref-type="fig"}), and after clinical and radiographic examination, a taper implant with a 4.0 mm width and a 10 mm length was selected for replacement of both teeth. Using local anesthesia, a crestal incision was performed without vertical extension. The bone was then exposed and prepared according to the manufacturer's recommendations. During preparation of the first molar socket, the resistance to drilling decreased, indicating sinus floor penetration. Because the bone density was poor, the final drill was inserted halfway, and two implants with a diameter of 4.0 mm and length of 10 mm were placed, replacing the first molar and second premolar. The implant design was a tapered, modified surface (sand-blasted, large grit, acid-etched \[SLA\]) that was threaded to the top (Superline™, Dentium, Cypress, CA, USA) to achieve better implant stability and increase the implant surface area in contact with the surrounding bone. Implants were placed approximately 1 mm subcrestally, and resonance frequency analysis (RFA) measurements were taken for both implants ([Table 1](#t1-ccide-7-025){ref-type="table"}). The reading for the second premolar implant was 73 ISQ (implant stability quotient) in all four directions, and for the first molar implant, the reading was 69 ISQ in all directions except for the buccolingual direction, which was 64 ISQ. A cover screw was placed on the second premolar implant and covered with gingival tissue to obtain primary closure and allow healing using the submerged technique. The first molar implant was immediately loaded with a temporary plastic abutment, and a crown was fabricated from a light-cured composite resin material ([Figure 2](#f2-ccide-7-025){ref-type="fig"}). At this stage, the crown was out of occlusion, with a narrow occlusal table and no interproximal contact ([Figures 3](#f3-ccide-7-025){ref-type="fig"} and [4](#f4-ccide-7-025){ref-type="fig"}). The tissue flap was adapted to the temporary crown, and the gingiva was sutured around it ([Figure 5](#f5-ccide-7-025){ref-type="fig"}). A periapical radiograph was taken postoperatively for both implants and was considered a basic radiograph ([Figure 6](#f6-ccide-7-025){ref-type="fig"}). The radiograph shows the implant in the molar area penetrating the maxillary sinus approximately 2--3 mm.

Postoperative instructions were given, and after 10 days the patient returned for suture removal and follow-up. Both implant sites healed uneventfully, and the sutures were removed. No signs or symptoms of maxillary sinus infection or inflammation were reported by the patient. One month after implant placement, the temporary abutment and crown were removed. The RFA measurements taken at that time were 73 ISQ in the mesiodistal and distomesial directions and 70 ISQ in the buccolingual and lingobuccal directions. The crown was modified ([Figure 7](#f7-ccide-7-025){ref-type="fig"}) by increasing the width of the occlusal table and obtaining distal contact with the adjacent tooth (upper right second molar). At this stage, the crown remained out of occlusion (no increase in crown height). The crown was polished and again screwed into the fixture. Again, the patient was examined for any signs or symptoms of maxillary sinus infection, and none were found.

Two months after implant placement, the patient returned for the third stage of crown modification. The temporary abutment and crown were removed, and the RFA measurements taken at this time were 75 ISQ in the mesiodistal and distomesial directions and 70 ISQ in the buccolingual and lingobuccal directions. The crown was modified by increasing the vertical height and obtaining occlusal contact with the opposing tooth in the axial direction only ([Figure 8](#f8-ccide-7-025){ref-type="fig"}). Occlusal contacts during excursive movements were removed, and only central contact remained. During the same appointment, the second premolar implant was uncovered, and the RFA measurements taken were 76 ISQ in the mesiodistal and distomesial directions and 66 ISQ in the buccolingual and lingobuccal directions. A healing abutment was placed and left for 1 month to allow healing of the soft tissue ([Figure 9](#f9-ccide-7-025){ref-type="fig"}).

Three months after implant placement ([Figure 10](#f10-ccide-7-025){ref-type="fig"}), the RFA measurement for the first molar was 75 ISQ in the mesiodistal, lingobuccal, and distomesial directions and 71 ISQ in the buccolingual direction. For the second premolar, the RFA values were 75 ISQ in the mesiodistal direction, 79 ISQ in the distomesial direction, and 70 ISQ in the buccolingual and lingobuccal directions. Impressions were taken at this appointment using a closed-tray technique and hex coping. Jaw relationships and bite registration were obtained using a wax bite rim and O-bite. Titanium hex abutments were placed using 30 Ncm of force for both implants, and provisional crowns were cemented with temporary cement ([Figure 11](#f11-ccide-7-025){ref-type="fig"}). Occlusion was checked and adjusted, leaving only centric occlusal contacts and removing all contacts found during excursive movements ([Figure 11](#f11-ccide-7-025){ref-type="fig"}). A periapical radiograph after abutment installation was taken ([Figure 12](#f12-ccide-7-025){ref-type="fig"}). Final crowns will be placed 6 months after cementation of provisional crowns.

Discussion
==========

Maxillary sinus involvement during implant placement may lead to decreased contact of the implant with bone and prevent osseointegration of the apical portion of the fixture.[@b12-ccide-7-025] Soft tissue from the floor of the sinus may grow instead of bone, which affects the prognosis.[@b12-ccide-7-025] Additionally, sinus infection and sinusitis may occur[@b13-ccide-7-025]--[@b15-ccide-7-025] due to bacterial growth on the apex of the implant surface, making bone formation and osseointegration impossible. Some authors recommend engaging the apex of the implant with the sinus floor to obtain increased implant stability because the sinus floor is composed of dense cortical bone.[@b16-ccide-7-025],[@b17-ccide-7-025] Zhong et al[@b12-ccide-7-025] conducted histological studies on canines, concluding that penetration of dental implants into the maxillary sinus with membrane perforation does not necessarily compromise implant osseointegration and sinus health during the 5-month observation period.[@b12-ccide-7-025] The same researchers concluded that if the implant apex protruded 2 mm or less into the sinus, it was possible for healthy maxillary bone to regenerate over the apex of the implant. However, when the perforation was more than 3 mm, the soft tissue formed a cuff around the implant.[@b12-ccide-7-025] This effect may be due to elasticity of the Schneiderian membrane, which can stretch approximately 2 mm before perforating.

The second part of this case report describes a progressive implant loading technique that has been modified by the author. Progressive implant loading was developed by Misch[@b9-ccide-7-025] and is recommended for implants that have been placed in soft bone or grafted sites. After the osseointegration period, the implant is exposed and progressively loaded to prevent overloading while simultaneously increasing bone density. Our technique is recommended for implants placed in soft bone with immediate loading. Implant loading within physiological limits can enhance bone formation and increase bone density. This case report illustrates how progressive loading with staging increases the width of the occlusal table and how the height of the crown can increase implant stability, especially if performed within the first 4 weeks. Many studies have shown that there is decreased implant stability during the first 4 weeks of the healing period due to active bone remodeling and new immature bone formation.[@b18-ccide-7-025]--[@b20-ccide-7-025] When we compared immediate progressive loading of implants with low primary stability to submerged healing of implants with higher primary stability, RFA showed an increased reading of 72 ISQ for the loaded implant, while a decrease in implant stability was found for the submerged implant with a reading of 71 ISQ after a 2-month healing period. This provides additional evidence that progressive loading of implants can stimulate bone formation and increase bone density compared with placement of implants using the conventional technique of delayed loading. Ban et al[@b13-ccide-7-025] reported that progressive implant loading can accelerate the mineralization process during the first 28 days of the healing period. Placing an implant into soft bone and immediately loading it is considered a risky procedure[@b10-ccide-7-025] because soft bone does not support implants well; consequently, protective measures should be taken.[@b2-ccide-7-025],[@b3-ccide-7-025],[@b13-ccide-7-025],[@b19-ccide-7-025],[@b20-ccide-7-025]

Protective measures for achieving primary stability[@b10-ccide-7-025] include choosing a wider diameter implant to increase the surface area and bone implant contact.[@b6-ccide-7-025],[@b11-ccide-7-025] Aggressive implant designs, which entail deep threads that extend to the top, allow the implant to engage additional bone during placement due to an increased surface area.[@b21-ccide-7-025] Special considerations for socket preparation include inserting the last drill halfway or occasionally skipping the last drill so that the implant is placed in an undersized socket.[@b6-ccide-7-025],[@b10-ccide-7-025] Tapered implant designs allow the coronal part of the implant to engage the cortical bone of the alveolar crest. Placing implants subcrestally by approximately 1 mm provides additional protection to the implant and allows increased engagement of the cortical bone.[@b22-ccide-7-025],[@b23-ccide-7-025]

Another factor related to implant stability is the surface of a treated implant. Many studies have shown that implants with an SLA surface can enhance bone formation and act as a chemotactic factor for osteogenic cells.[@b24-ccide-7-025] SLA surfaces may enhance the quality of soft bone surrounding the implant by increasing its density.[@b25-ccide-7-025],[@b26-ccide-7-025] All of the above factors should be considered when implants are placed in soft bone and immediately loaded. The concept for this technique originated from the process of tooth eruption: during eruption, the tooth has a partially developed root, and when it finally erupts into occlusion with its antagonist, only three quarters of the root has been formed.[@b26-ccide-7-025] Similarly, with this technique, we attempt to make the implant "erupt" into the oral cavity by progressively increasing the crown width and height. This process allows time for the bone to grow and mature with the increased loading stimuli, resulting in implant stability and increased bone density. In other words, the technique can be called "implant eruption".

Conclusion
==========

Progressive implant loading can be used as a safe technique for the immediate loading of implants with maxillary sinus involvement. Progressive implant loading can enhance implant stability during the healing period. No adverse consequences were found when the maxillary sinus floor was perforated, provided that the membrane was intact and healthy and the implant protrusion into the sinus was within 2 mm.
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![Orthopantamograph taken preoperatively showing maxillary sinus pneumatization in the extracted site 25 and 26 area.](ccide-7-025Fig1){#f1-ccide-7-025}

![Temporary abutment with crown fabrication from composite filling for easy adjustment and modification. Fabrication, contouring, and polishing were performed outside the patient's mouth.](ccide-7-025Fig2){#f2-ccide-7-025}

![Temporary abutment and crown installed into the 26-position implant and torque before flap closure. Cover screw used for the 25-position implant, which was placed with the submerged technique and left to heal for 2 months before re-entry.](ccide-7-025Fig3){#f3-ccide-7-025}

![Occlusion was checked before releasing the patient. The crown was left out of occlusion to prevent any occlusal loading during the early healing period.](ccide-7-025Fig4){#f4-ccide-7-025}

![Occlusal view of the temporary abutment and crown issued on the day of surgery (implant placement); small occlusal table with no adjacent tooth contact. The flap was adapted around the crown (simultaneously covering the 25-position implant) and sutured with nylon sutures.](ccide-7-025Fig5){#f5-ccide-7-025}

![An immediate postoperative periapical radiograph showing the 16-position implant penetrating the maxillary sinus by a few millimeters.](ccide-7-025Fig6){#f6-ccide-7-025}

![Second stage of temporary crown modification 1 month after implant placement. The crown now has contact with adjacent tooth 27, as it has a wider diameter but is still out of occlusion.](ccide-7-025Fig7){#f7-ccide-7-025}

![Third stage of temporary crown modification. After 2 months of implant placement, an increase in the diameter of the crown was done. The crown was contoured to resemble the natural tooth anatomy.](ccide-7-025Fig8){#f8-ccide-7-025}

![Temporary crown increased in size, and implant with light center occlusion. The implant in position 25 is now exposed, and the healing abutment is installed.](ccide-7-025Fig9){#f9-ccide-7-025}

![Differences are seen in the gingival contour around temporary crown 26 and healing abutment in the 25-position implant. The emergence profile is achieved, and interdental papillae are growing around the temporary abutment.](ccide-7-025Fig10){#f10-ccide-7-025}

![Acrylic provisional crown received from the laboratory and issued with a customized abutment; only light and centric occlusion is allowed on the provisional crowns.](ccide-7-025Fig11){#f11-ccide-7-025}

![Periapical radiograph after abutment installation does not reveal any bone resorption or radiolucencies around either implant, with a stable bone crest around the 26-position implant despite many abutment disconnections. There are no complications in the apical penetrating part of the 26-position implant.](ccide-7-025Fig12){#f12-ccide-7-025}

###### 

Immediate progressive implant loading RFA measurement versus delay implant loading RFA measurement over a period of 3 months

  RFA direction         At implant placement   
  --------------------- ---------------------- ------
  Mesiodistal           69                     73
  Lingobuccal           69                     73
  Buccolingual          64                     73
  Distomesial           69                     73
  Average               67                     73
  **After one month**                          
  Mesiodistal           73 ↑                   --
  Lingobuccal           70 ↑                   --
  Buccolingual          70 ↑                   --
  Distomesial           73 ↑                   --
  Average               71                     
  **After 2 months**                           
  Mesiodistal           75 ↑                   76 ↑
  Lingobuccal           70 ↔                   66 ↓
  Buccolingual          70 ↔                   66 ↓
  Distomesial           75 ↑                   76 ↑
  Average               72                     71
  **After 3 months**                           
  Mesiodistal           75 ↔                   79 ↑
  Lingobuccal           71 ↑                   70 ↑
  Buccolingual          71 ↑                   70 ↑
  Distomesial           75 ↔                   75 ↓
  Average               74                     73

**Abbreviation:** RFA, resonance frequency analysis.
